The nest environment, in particular sand temperature, is critical to the breeding ecology of sea turtles which lack parental care during their early stages of life. We investigated the effects of sand temperature on emergence success and sex ratio of Olive Ridley (Lepidochelys olivacea) hatchlings in in situ and relocated nests in Alas Purwo National Park (APNP), East Java, Indonesia. Over two years of observation no in situ nests survived due to predation, while emergence success in relocated nests varied between the years. Temperatures above 346C experienced by the nests over at least three consecutive days during incubation (T3dm) had decreased emergence success in both years. These high temperatures occurred as a result of metabolic heating of developing embryos combined with high sand temperatures. The indirect method of determining sex ratios from nest temperature profiles indicated that the hatchery at APNP generated more male hatchlings than female. Our study provides justification for on-going egg relocation to the hatchery as a conservation management strategy. Therefore the nest environment inside the hatchery needs to be carefully managed so that temperatures do not exceed the viable limit nor unnaturally skew the sex ratio of embryos.
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T HE nest environment has a critical influence on sea turtle reproduction because the adult females leave their eggs on the beach without any other parental care (Kamel and Mrosovsky, 2005) and nest factors such as temperature influence hatching outcomes. In reptiles nest temperature during incubation can influence hatching and emergence success (Matsuzawa et al., 2002; Glen et al., 2005) , incubation period (Miller and Limpus, 1980; Deeming and Ferguson, 1991) , hatchling morphology (Ji and Du, 2001; Ashmore and Janzen, 2003; Glen et al., 2003; Ö zdemir et al., 2007) , sex of the hatchlings (Kaska et al., 1996 (Kaska et al., , 2006 Booth and Freeman, 2006; Chu et al., 2008) , and hatchling locomotor performance (Gutzke et al., 1987; Du and Ji, 2003; Booth et al., 2004) .
There are daily and seasonal variations in beach thermal profiles within and between sea turtle nesting beaches (Ackerman and Lott, 2004) . Rookery properties such as beach orientation (i.e., north or south facing), shade, and color of sand influence the thermal environment of the nest, and thus can alter the emergence success and phenotype (including sex) of the hatchlings in any particular area (Wibbels, 2003) . In Olive Ridley turtles (Lepidochelys olivacea) the studies that have addressed temperature dependent sex determination (TSD) have focused on the mass nesting (arribada) populations in India, Mexico, and Costa Rica (Márquez, 1990; Salazar et al., 1998; Tripathy and Pandav, 2007; Valverde et al., 2010) with little information available for solitary nesting populations particularly in the Southeast Asia region (Whiting et al., 2007) . The Olive Ridley turtle, as in other sea turtles, has an MF pattern of TSD where cooler temperatures generate more males and warmer temperatures produce more females (Wibbels, 2007) . The estimated pivotal temperature (the incubation temperature that produces 50% females) for the Olive Ridley turtle is between 30-31uC in Playa Nancite, Costa Rica (McCoy et al., 1983; Wibbels et al., 1998) . It is not known for the Mexican population, but a temperature of 27-28uC consistently generated males and 32uC generated females (Merchant-Larios et al., 1989) . While in Gahirmatha, India temperatures of 26-27uC resulted in all males and 29-32uC resulted in all females in one clutch of eggs (Dimond and Mohanty-Hejmadi, 1983) .
Metabolic heat generated from developing embryos within the nest can cause the nest temperature to increase by to 2-6uC above the surrounding sand temperature late in incubation (Bustard and Greenham, 1968; Blanck and Sawyer, 1981; Maloney et al., 1990; Broderick et al., 2001; Matsuzawa et al., 2002) . In hatcheries in Terengganu, Malaysia, nearly half of the variation in the average nest temperature was attributed to this metabolic heating process (Van de Merwe et al., 2006) . Originally it was thought that metabolic heat production was so small during the sex determining period (because the embryos are relatively small at this time) that it would have little influence on the sex determining process (Mrosovsky and Yntema, 1980) ; however, in green turtle nests on Ascension Island, significant metabolic heating was reported during the sex determining period which contributed to an increase in female hatchling production (Broderick et al., 2000) . In Olive Ridley turtles, which have an incubation period of approximately 51 d and thus a middle third of incubation sex determining period approximately between days 17 to 34, metabolic heat production was detectable from day 19 onward and caused the nest temperature to increase above surrounding sand temperature from this time (Sandoval et al., 2011) .
Olive Ridley turtles are classified as Vulnerable in the IUCN list (IUCN, 2010) and are listed in Appendix I of CITES. In Indonesia the Olive Ridley turtle is protected under the Decree of Ministry of Agriculture No. 716/kpts-10/ 1980 and Indonesian Law No. 5/1990 regarding the conservation of natural resources and ecosystems. Although this species is the most abundant sea turtle species in the world (Márquez, 1990; IUCN, 2010) , it is possible there has been an underestimation of the real decrease in global populations of this species because population assessment has been mostly based on large arribada rookeries with little attention being given to the smaller rookeries of solitary nesting populations (IUCN, 2010) . In the Southeast Asia region, the population of Olive Ridley turtles have been declining rapidly at some major nesting beaches (Andaman Islands, Thailand, and Terengganu, Malaysia; Limpus, 1995) . The first detailed study on biology and ecology of a solitary Olive Ridley turtle population in the region was conducted in the Northern Territory of Australia (Whiting et al., 2007) . This study provided information on basic morphometrics as well as determined potential natural and anthropogenic threats of the population. A global review of sea turtles by Márquez (1990) failed to report any important Olive Ridley turtle nesting population in Indonesia, indicating a lack of knowledge on this species in the Southeast Asia region.
An important Indonesian Olive Ridley rookery exists in Alas Purwo National Park in Java. There turtle egg relocation to a protected hatchery is a routine management practice. Hence to assist hatchery managers refine their hatchery management methods we examined the influence of incubation temperatures on emergence success and estimated the sex ratio of Olive Ridley turtles generated from relocated nests.
MATERIALS AND METHODS
Study site.-This study was conducted in Alas Purwo National Park (APNP) which is located in East Java between 8u269460-8u479000S and 114u209160-114u369000E; Fig. 1 ). The beach in the Park is a rookery for four species of sea turtles: green turtles (Chelonia mydas), hawksbill turtles (Eretmochelys imbricata), leatherback turtles (Dermochelys coriacea), and Olive Ridley turtles. It stretches 18 km and consists of two sections: Pancur Beach (2 km) and Marengan Beach (16 km; Fig. 1) .
A hatchery in APNP has been operating since 1983 and aims to maintain the population of sea turtles nesting in the park through egg relocation and protected incubation. The park management have recorded sea turtle nesting each year, and these data indicate an increasing trend of sea turtle nesting activity, particular for Olive Ridley turtles (Adnyana, 2006) . Data collection.-In the 2009 and 2010 nesting seasons we randomly chose nests laid by females during the peak nesting season (May-July; Fig. 2 ) and randomly allocated them to one of three treatments; 1) natural nests, 2) protected nests, and 3) hatchery nests. Natural nests were left to incubate naturally in situ after an initial excavation to count eggs. Protected nests were also left at the laying site but were protected by a cylindrical wire cage. Hatchery nests consisted of clutches of eggs that were transferred to the hatchery immediately after nesting females had returned to the sea or as soon as the nests were found. These clutches were buried in artificially dug nests 40 cm deep (the mean depth of natural nests). Natural and protected nests were located within 200 m of the hatchery so that they could be monitored regularly.
The number of eggs in the nest was recorded. In natural and protected nests, eggs were placed back into the nest with an ibutton (Model DS1922 L, Maxim, Dallas, TX) temperature data logger (resolution: 0.5uC, accuracy: 60.5uC over a 240 to +85uC range) set to log temperature once every two hours placed in the center of egg mass (Booth and Freeman, 2006) . Nest location was marked with two wooden stakes and a string attached to the data logger was attached to one stake to facilitate its recovery. The same protocol was used for setting up artificial nests in the hatchery.
Once nest reconstruction was complete, protected nests had a 40 cm 3 50 cm 3 50 cm galvanized cylindrical wire cage with 1 cm 3 1 cm mesh placed on top of it and secured into position with six bamboo stakes. The cage sides were buried approximately 20 cm into the sand. Natural and protected nests were visited daily during the incubation period (in the morning or in the afternoon depending on the tide conditions) for monitoring of predator activity.
Eggs relocated to the hatchery were transported from the nest site to the hatchery by motorbike. Eggs were placed on top of a layer of sand to minimize shocks to eggs during transport (Mortimer, 1999) and transported in either a plastic bag, bucket, or styrofoam box. The nests were placed 30 cm apart in the hatchery, which was the usual hatchery management practice. For management reasons, the hatchery was divided into east and west sections.
A few days before the anticipated hatching date cylindrical plastic cages were placed on top of nests to enable collection of hatchlings as they emerged. The cages were visited frequently during this time to check for hatchlings, and any hatchlings that had emerged were released at each visit. Three days after the first hatchlings emerged from a nest it was excavated to retrieve the data logger and to record: a) number eggs that showed no sign of development, b) number of eggs that began development but died during incubation, c) number of hatchlings that hatched but died within the nest, and d) the number of live hatchlings trapped in nest so that the number of hatchlings that successfully escaped from the nest could be calculated. Emergence success expressed as a percentage was calculated by dividing the number of emerged hatchlings by the number of eggs placed in the nest at the beginning of incubation.
Sand temperature at nest depth (40 cm below beach surface) was monitored at two locations within the hatchery (east and west sections) and another four locations along the beach with ibuttons. Daily rainfall data were obtained from a weather station 18 km north of the park (Bureau of Meteorology at Banyuwangi). For analysis, cumulative rainfalls were calculated for each nest by summing the rainfall for each day from nest construction until hatchling emergence.
Nest temperature and hatchling sex ratio.-Hatching was determined by a distinct decrease in nest temperature a few days prior to nest emergence (Booth and Freeman, 2006) . Incubation period was calculated as the days elapsed between egg laying and hatching. Nest emergence was determined by the appearance of the first hatchling on the beach surface, and the nest period was calculated as the time between egg laying and nest emergence. Mean nest temperatures were calculated for the middle third of incubation, last two weeks of incubation, and the entire incubation period.
Mean nest temperature during the middle third of the incubation period can be used to estimate the proportion of female hatchlings produced (Wibbels, 2003) . The algorithm used to estimate hatchling sex ratio from nest temperature is best based on data obtained from the particular sea turtle population being investigated rather than from other populations (Wibbels, 2003) . However, to do this involves killing hatchlings to histologically identify their gonads and with an endangered sea turtle population this was not feasible. Reliable data based on multiple clutches for the relationship between incubation temperature and hatchling sex ratio were only available for the Costa Rica nesting population of Olive Ridley (McCoy et al., 1983; Wibbels et al., 1998) , and these data were used to fit a logistic curve (Girondot, 1999) to calculate the proportion of females produced in each nest:
Proportion of females~1= 1z exp 93:43{3:
The pivotal temperature (temperature that produces 50% females) from this model is 30.5uC. Then the number of hatchlings that emerged from each nest was multiplied by the predicted sex ratio for the nest to calculate the predicted number of females and males derived from each nest.
Data analysis.-The association between incubation temperature and emergence success was first explored by plotting emergence success against a measure of the highest nest temperature experienced, and the mean of the highest temperatures experienced over three consecutive days recorded during incubation (T3dm). There was a change in the relationship between emergence success and T3dm at 34uC. Thirty-four degrees is also the temperature at which continuous incubation of sea turtle eggs results in complete embryonic mortality (Miller, 1997) . For this reason the data were divided into four subsets for further analysis: 1) T3dm above 34uC in 2009, 2) T3dm below 34uC in 2009, 3) T3dm above 34uC in 2010, and 4) T3dm below 34uC in 2010. However, this was reduced to three data subsets because all data from 2010 fell into the T3dm above 34uC category. Emergence success data were analyzed with descriptive statistics, ANOVA, and multiple regressions linking cumulative rainfall, T3dm, and year in different combinations with emergence success. The best multiple regression model used to explain the association between the emergence success and other variables was determined by the highest value of adjusted R 2 . Linear regression was used to relate incubation temperature to incubation period. All analysis was performed with PASW Statistics (version 18.0., PASW Statistics. SPSS, IBM, 2010). Results are reported as means 6 SE, and differences between means were considered significant at P , 0.05.
RESULTS
During the 2009 peak nesting season 64 nests were studied consisting of 11 in situ nests (six non-caged nests and five caged nests) and 53 nests relocated to the hatchery (both east and west sections). Seventy-five nests were studied in 2010 with 19 in situ nests (14 non-caged nests and five caged nests) and 56 nests relocated to the hatchery. All nests in both years had their temperatures monitored. All in situ nests in both 2009 and 2010, including the 'protected' nests were completely depredated by natural predators within one week of nest construction. Hence, in both years, there was no 'natural' nest temperature data to compare to hatchery nests.
Precipitation and sand temperature profiles.-Monthly rainfall during the nesting season averaged 181 mm in 2010 and 96 mm in 2009 (Fig. 3) . Both the west and east sections of the hatchery experienced a decrease in sand temperature between day 1 to 31 in 2009 (Fig. 4) . During days 25-60 in 2009 there were no nests in the east section of the hatchery and as a consequence sand temperatures (29.4-30.7uC ) in the east section were cooler than the west section (30.2-32.4uC) of the hatchery. In contrast, in 2010 (days 10-65) there were no nests in the west section of the hatchery and the west section sand temperatures (27.2-29uC) were cooler than the east section (28.8-33.9uC). At the Alas Purwo hatchery nests are buried 40 cm below the beach surface and typically experienced a 0.5uC diurnal temperature fluctuation.
Nest temperature and emergence success.-In Alas Purwo National Park, Olive Ridley turtles were found to nest all year round but the peak month for nesting was June in both years with increased nesting also occurring in May and July (Fig. 2) . In 2009 beach sand temperatures at 40 cm depth fell from 33.7uC in March to 31.3uC in May and continued to fall during the peak nesting time, while in 2010 sand temperatures remained relatively constant at 29.5uC throughout the peak nesting time (Fig. 2) .
Emergence success of Olive Ridley turtle nests in the hatchery was significantly greater (P , 0.001) in 2009 than 2010 despite the fact that mean nest temperatures were similar between the two years ( Table 1) . The average nest temperature during the middle third of incubation and the entire incubation period were similar in both years, but the temperature during the last two weeks of incubation was greater (P , 0.001) in 2010 than in 2009 (Table 1) , and this is reflected in the mean nest temperature profiles for these years (Fig. 5) . In 2009 the nest temperature started and remained at 30uC for the first 20 d of incubation before steadily rising and reaching 33uC on day 40 where it remained until day 48, and it then decreased continuously until hatching (Fig. 5) . In 2010 nest temperature increased slightly from 29uC to 30uC during the first 30 d of incubation before the nest temperature increased dramatically to 35uC by day 40 and remained at this high level until after day 50 before beginning to decrease. The significant increases in the temperature during the last third of incubation in 2010 also occurred in the other four monitored locations on the beach where temperatures varied between 27-33uC. As a consequence all monitored nests incubated in 2010 were exposed to temperatures above 34uC (a temperature that if maintained throughout incubation is fatal to embryos; Miller, 1985; Fortuna and Hillis, 1998; Matsuzawa et al., 2002) ) for many days in a row with some nests experiencing temperatures as high as 38uC for short periods.
To further explore if there was a relationship between emergence success and high nest temperatures, emergence success was plotted against the mean temperature calculated across the highest temperatures recorded for three consecutive days (T3dm; Fig. 6 ). This plot indicated that emergence success was high (mean 82%) and did not vary with T3dm , 34uC, and that emergence success decreased markedly as T3dm increased above 34uC (Fig. 6) . In 2010 T3dm exceeded 34uC in all nests and averaged 36.3uC and emergence success was 54.2%. In 2009, 31 nests had T3dm below 34uC, and these had an average T3dm of 32.8uC and an emergence success of 81.7%, while 22 nests had T3dm above 34uC which averaged 35.7uC and emergence success averaged 62.2%.
To further investigate if high incubation temperatures could explain the difference in emergence success between 2009 and 2010 ANOVA was used to compare emergence success between nests that experienced T3dm , 34uC in 2009, . 34uC in 2009 and . 34uC in 2010 (no nests experienced T3dm , 34uC in 2010). There were differences between these groups (P , 0.001) with post hoc Tukey tests indicating emergence success was greater in nests that experienced T3dm , 34uC compared to nests than experienced T3dm . 34uC in both 2009 and 2010 (P , 0.001 in both cases), and that emergence success was similar (P 5 0.242) in 2009 and 2010 for nests that experienced T3dm . 34uC. Regression models relating emergence success to T3dm and accumulated rainfall were fitted to data with a T3dm , 34uC (Table 2 ) and a similar model that also included year for T3dm . 34uC (Table 3 ). There was no significant relationship between emergence success and these variables for T3dm , 34uC (Table 2 ), but T3dm alone was best at explaining variation in emergence success for T3dm . 34uC (Table 3) The decrease in emergence success in nests that experienced high temperature was due to an increase in embryo mortality during incubation, because the proportion of embryos that began development but died while in the egg increased substantially, whereas the proportion of eggs that were undeveloped and hatchlings that hatched but did not make it to the surface remained the same (Table 4) .
Nest temperatures and incubation period.-In 2009 the incubation and emergence periods were slightly shorter than in 2010 (Table 1) . There was a negative correlation between the incubation period and mean nest temperature (Fig. 7) .
Nest temperatures and the proportion of female hatchlings.-Nest temperature during the middle third of incubation was used to predict the proportion of female hatchlings emerging from nests. In 2009 nests experience mid-third temperatures between 27uC and 33uC, and the distribution of nests was even across this range (Fig. 8) . In 2010 the range of temperatures experienced was slightly lower, and the largest proportion of nests experienced temperatures in the 30-31uC range. Using the mid-third temperature and emergence success of each nest, the predicted number of males and females emerging from each nest was calculated and these numbers used to estimate the proportion of female hatchlings produced each year. In 2009, 4274 hatchlings emerged from 53 nests and 45.9% were predicted to be female, while in 2010, 3479 hatchlings emerged from 56 nests and 31.5% were predicted to be female.
DISCUSSION
Nest temperature.-Nest temperature is determined by sand temperature and the amount of metabolic heat from developing embryos (Ackerman, 1997) . From about half way through incubation the combined metabolic heat production of all embryos in a nest begins to heat the nest above the surrounding sand temperature. The magnitude of this increase, which can be 2-6uC by the end of incubation, is dependent on egg and clutch size (Broderick et al., 2000; Booth and Astill, 2001) . A combination of high sand temperatures and metabolic heating can result in embryos being exposed to lethally high temperatures toward the end of incubation, a situation that occurred during the 2010 nesting season. A 4uC increase in sand temperature from 30uC to 34uC occurred in just ten days in the east hatchery and on other beaches at Alas Purwo, and this resulted in most nest temperatures exceeding 36uC during the last two weeks of incubation. The practice of placing relocated nests less than one meter apart in the hatchery at Alas Purwo causes localized increases in sand temperature as incubation proceeds (Mortimer, 1999) . This is clearly demonstrated in both the 2009 and 2010 nesting seasons. In 2009 when there were no nests in the east section of the hatchery, sand temperature in the west section, which was full of nests, was 2uC higher than the east section. In 2010 when there were no nests in the west section of the hatchery, sand temperature in the east section, which was full of nests, was 4uC warmer than the west section. The same phenomenon can be observed in natural high density rookeries of Olive Ridley turtles where the close location of adjacent nests results in nest temperatures exceeding 35uC and the lowering of emergence success (Valverde et al., 2010) . Nest temperature changes throughout incubation (Fig. 5 ) due to changes in general sand temperature (which change due to local climatic conditions such as cloudless days and heavy rainfall) and metabolic heat production. There can also be daily, cyclic fluctuation in nest temperature which was typical of nests in the current study. The magnitude of diurnal fluctuations in nest temperature is directly dependent on nest depth, the shallower the nest the greater the amplitude of fluctuation (Booth and Freeman, 2006) , with fluctuations being completely damped-out at depths greater than 50-60 cm (Palmer-Allen et al., 1991; Harlow and Taylor, 2000; Booth and Astill, 2001; Booth and Freeman, 2006) .
Emergence success and incubation period.-All nests located in natural sites (both caged and non-caged) in 2009-2010 nesting seasons had 0% emergence success. All were depredated by natural predators (chiefly monitor lizards) within one week of being laid, and consequently the natural and hatchery nest temperature profiles cannot be compared. On this basis, the collecting of all clutches of eggs laid on beaches in Alas Purwo National Park and incubating them in a hatchery protected from predators is justified. However, this means that the population of nests is not exposed to the natural variation in sand temperatures found at different regions of the entire natural rookery, with consequences for variation in hatchling sex ratios.
In 2009 emergence success of hatchery nests averaged 73.6% but was only 54.2% in 2010. Failure of eggs to hatch can be caused by the eggs being infertile, or the embryos dying during development (Blamires and Guinea, 1998 ). In the current study 80% of the eggs began to develop and the vast majority of mortality occurred in well-developed embryos (25-39%; Table 4 ). A likely cause of the difference in embryonic mortality between 2009 and 2010 was differences in nest temperatures. Although average nest temperature throughout the entire incubation period was similar in both years (31uC), the nest temperature profile differed markedly during the last third of incubation in the two years (Fig. 5) . In 2010 mean nest temperatures during the last two weeks of incubation ranged between 33.3uC to 36.5uC which was generally higher than the 30.2uC to 36.6uC experienced in 2009. These temperatures, especially in 2010, approach and exceed 34uC which is the upper lethal limit of constant incubation of sea turtle eggs (Miller, 1997) , although it is clear that sea turtle embryos become more tolerant of high incubation temperatures late in incubation and can withstand prolonged exposure to temperatures exceeding 34uC during the last third of incubation. There was an obvious relationship between emergence success and the mean maximum temperature experienced by embryos over three days in a row (T3dm), which we consider as an indicator of the degree of thermal stress embryos experienced. If T3dm was less than 34uC, emergence success was high and averaged ,80%, but when T3dm exceeded 34uC emergence success declined steeply as temperature increased (Fig. 6 ). At such high temperatures the incidences of teratogenic mistakes in development increase and this results in increased embryonic mortality (Miller, 1985;  Fortuna and Hillis, 1998; Matsuzawa et al., 2002; Milton and Lutz, 2003) . The overall higher emergence success in the 2009 nesting season is a direct result of some nests not being exposed to high temperatures and thus having high emergence success, whereas all nests in the 2010 nesting season experienced high nest temperature and suffered some degree of increase embryonic mortality. The reason why some nests were cooler than others in 2009 was that parts of the west section of the hatchery were shaded by vegetation in the surrounding area for part of the day, and nests in these areas were cooler than nests exposed to full sun all day. All nests were placed in the east section of the hatchery in 2010, and no part of the east section of the hatchery was shaded. No relationship was found between emergence success and cumulative rainfall in either 2009 or 2010 even though rainfall was different between the two years. In general buried reptile eggs can develop successfully over a wide range of soil water contents (Rimkus et al., 2002; Ackerman and Lott, 2004) . Only the extremes of very dry soil that can cause death through egg desiccation, and saturated soils which can cause death through drowning are detrimental (Booth and Thompson, 1991) .
No difference was found in mean incubation period of nests between 2009 and 2010 which was approximately 51 days. This can be explained by the fact that mean nest temperature was also similar between years, and that the main determinant of incubation period is mean nest temperature Broderick et al., 2000; Godley et al., 2002) .
Expected proportion of female hatchlings.-The temperature during the middle third of the incubation period influences sex determination in sea turtles including Olive Ridley turtles (Merchant-Larios et al., 1997) , and the mean temperature during this period was used to predict the proportion of female hatchlings from each nest (Wibbels, 2003) . Nest temperatures during the middle third of incubation were 0.5uC higher in 2009 than in 2010 (Table 1) , and as a consequence the proportion of female hatchlings was predicted to be higher in 2009 than 2010 (46% vs. 32%). The steepness of the curve relating temperature to proportion of females in the 29.5-31.0uC temperature range indicates that small changes in temperature can lead to a large change in the number of females produced at this crucial stage of incubation.
A global review of sea turtle rookery sand and nest temperatures indicates the majority of rookeries are expected to produce a strong female bias in hatchlings Broderick et al., 2000; Godley et al., 2001 Godley et al., , 2002 Zbinden et al., 2007; Chu et al., 2008) . However, the current study indicates a male bias for Olive Ridley turtles from the Alas Purwo hatchery, although natural beach nests constructed in the dark sand in some regions of the beach if they were to survive predation would be warmer and thus produce predominantly females. The very few nests constructed before the peak season begins in May experienced higher sand temperatures in 2009 and should have resulted in the productions of a greater proportion of females, but these female producing nests make up only 10% of the total number of nests. The predicted male hatchling bias is not due to the nest temperatures at Alas Purwo National Park being lower than in other sea turtle rookeries, but is due to the fact that the pivotal temperature of Olive Ridley turtles is high (30.5uC) compared to other species of sea turtle that average 28.7uC (Ackerman, 1997) . The findings of the current study are consistent with studies of other solitary nesting populations of Olive Ridley turtles from Playa Grande (Costa Rica; Dornfeld and Paladino, pers. comm.), Mexican Pacific (Sandoval et al., pers. comm.) , and El Valle (Colombia; Barrientos-Munoz and Gallego, pers. comm.), which also indicated a male bias in hatchling production at these rookeries. This is in contrast to mass nesting (arribada) populations of Olive Ridley turtles where densely spaced nests cause an increase in nest temperature and result in female-biased hatchling production (Salazar et al., 1998; Valverde et al., 2010) .
Implications for management practices.-In this study emergence success in natural sites was 0% because of total depredation of nests and we were unable to satisfactorily protect in situ nests. Hence, it is clear that egg relocation to a protected hatchery is the only viable option to increase and maintain the population of sea turtles nesting at such a long and extensive beach as occurs in Alas Purwo National Park. However, sand temperatures in the hatchery were found to be elevated above natural beach temperature due to the tightly packed spacing of nests, and that nests in the hatchery were not exposed to the relatively wide range of temperatures found along the natural beach. Unshaded nests in the hatchery frequently experience sub-lethal and lethal temperatures late in incubation which resulted in decreased emergence success. Manipulation of the incubation temperatures through the provision of shade (Reece et al., 2002; Chu et al., 2008) applied to some sections of the hatchery particularly in the east section of the hatchery will increase the range of nest temperatures available and will help to increase emergence success. An increased spacing between nests to 1 m apart will also assist in preventing nests reaching lethally high temperatures (Boulon, 1999; Mortimer, 1999) . 
